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COURSE NUMBER:	Chem 2261  COURSE TITLE:	General Biochemistry


CREDITS:	4

PRE-REQUISITES: Chem 2251 (Organic Chemistry I) and completion of any college level Biology course
CO-REQUISITES: None

COURSE DESCRIPTION: This is a one semester course in Biochemistry dealing with the molecular basis of structure and metabolism of plants, animals, and microorganisms.

COURSE LEARNING OUTCOMES:
1. Students will study the four classes of biological molecules and be able to recognize and classify the chemical structures of each class of molecule.
2. Students will apply general chemical concepts to the structures of the biological molecules to evaluate structural changes with their correlating effects on molecular interactions and biological function.
3. Students will understand and discuss the pathways and processes that are used to synthesize or modify biological molecules.
4. Students will integrate structural knowledge of biological molecules with an understanding of free energy and chemical equilibrium to describe key cellular processes such as cellular signaling and membrane transport.
5. Students will apply chemical equilibrium and chemical rate concepts to the understand of enzyme kinetics and enzyme inhibition.
6. Students will memorize the main metabolic pathways (glycolysis, TCA, and ETC) and integrate other metabolic pathways into the flow of metabolites involved in those pathways.
7. Students will evaluate enzyme regulation of individual enzymes and within metabolic pathways. Regulation will include feedback inhibition and hormonal control of metabolic pathways through the use of phosphorylation and dephosphorylation.
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OTM LEARNING OUTCOMES:
Not Applicable

TAG LEARNING OUTCOMES:
Not Applicable

GENERAL EDUCATION GOALS:
General education goals will focus on the following four goals while providing students with the information to see the connections between chemical concepts and their biological applications.
1. Critical Thinking
2. Effective Communication
3. Quantitative Literacy
4. Scientific and Technological Effectiveness

COURSE MATERIALS:
Textbook : Biochemistry: Concepts and Connections; 2nd Ed. Appling. Pearson.
Other: Calculator, textbook, and computer access


STANDARDS AND METHODS FOR EVALUATION:

Assessments:
4 exams worth 100 points each (400 total)
15 homework assignments worth 3 points each (45 total)
17 quizzes worth 90 points total Capstone project 25 points
560 points total

Grading Scale

90% of 560 points: A
80-89% of 560 points: B
70-79% of 560 points : C
60-69% of 560 points : D
0-59% of 560 points : F

COLLEGE SYLLABUS STATEMENTS

Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.

UNITS OF INSTRUCTION, OUTCOMES AND ASSESSMENT ALIGNMENT

Week 1
· Unit of Instruction: Introduction to Biochemistry/Review of General Biology and Chemistry
· Course Learning Outcomes:
a. Define Biochemistry
b. Apply the principles of water to solubility and chemical reactions (nucleophilic attack hydrolysis)
c. Determine the polarity of a molecule.
d. Predict the types of intermolecular forces present in a sample.
e. Apply the polarity of a molecule to predict its solubility.
f. Recognize key organic chemistry functional groups.
g. Label the key components of a cell.
h. Describe the structure and purpose of a cell membrane.
i. Draw the protonization states of amines and carboxylic acid groups at various pH levels.
j. Define pKa and describe how the pKa can be used to correlate relative amount of acid and conjugate base present.
k. Use the Henderson-Hasselbach equation to calculate the pH of a buffer.
l. Relate the concept of affinity to the binding equilibrium.
m. Review thermodynamics (including ΔG and ΔE calculations)

· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge


Week 2
· Unit of Instruction: Carbohydrates
· Course Learning Outcomes:

a. Identify a monosaccharide by its structure.
b. Identify the penultimate carbon and the anomeric carbon within a carbohydrate.
c. Identify a monosaccharide as the L or D isomer.
d. Convert a Fisher structure into a Haworth and back.
e. Recognize disaccharide and polysaccharide structures.
f. Draw a condensation reaction to form a glycosidic linkage in a disaccharide or polysaccharide.
g. Differentiate between an alpha and a beta glycosidic link.
h. Recognize and name glycosidic linkages by the carbons being connected and the isomer form present (alpha or beta).
i. Recognize the structure of a glycoprotein and differentiate between an N and an O linkage.

j. Memorize which amino acids can form N and O glycosidic linkages.
k. List the various types of carbohydrate derivatives and recognize their structures (methylation, phosphorylation, oxidation, amination.)
l. Recognize that carbohydrates function both as energy storage and structural/recognition.
m. Describe examples of polysaccharides and complex carbohydrate structures such as glycogen and peptidoglycans.

· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge


Week 3
· Unit of Instruction: Nucleic Acids
· Course Learning Outcomes:
a. Recognize the common nucleotides and the components they are made of.
b. Draw out the chemical reaction that connects one nucleotide to the next.
c. Describe the structure of DNA in detail including strand direction as it relates to base pairing and anti-parallel strands.
d. Describe the structure of RNA.
e. Differentiate between the function and cellular location of the four types of RNA (mRNA, tRNA, rRNA, and snRNA).
f. Describe and draw out the process of DNA replication including the main enzymes involved in the process.
g. Differentiate between lagging strand and leading strand replication.
h. Describe the process of transcription including post-transcriptional modifications.
i. Describe the process of translation focusing on the role of the ribosomes in the process.
j. Use the genetic code to determine the sequence of complimentary DNA strands, mRNA strands and the resulting protein strand if given a DNA sequence.
k. Be able to describe a general overview of the following experimental techniques and know what the main purpose of each technique is:
i. PCR
ii. Restriction digests
iii. DNA electrophoresis
iv. DNA sequencing
v. Cloning
vi. Mutagenesis
· Assessment Methods:
· Homework: contains practice answering short essay questions

· Quiz: checks concept and vocabulary knowledge

Week 4
· Unit of Instruction: Amino Acids and Protein Structure
· Course Learning Outcomes:
a. Identify the structure of an amino acid.
b. Memorize the common 20 amino acid side chains.
c. Draw an amino acid with the correct protonation state of the amine and carboxylic acid functional groups at various pH values.
d. Remember that most amine groups have a pKa values between 8-10 and carboxylic acids between 2-4.
e. Draw out the condensation reaction between amino acids to produce a peptide and the hydrolysis reaction that cleaves a peptide apart.
f. Identify the N and C termini as well as the phi, psi, and peptide bonds in a peptide.
g. Describe the secondary structure of peptides (alpha helices, beta sheets, loops and turns).
h. Connect the permissible phi and psi bond angles with the most probable secondary structures.
i. Define tertiary and quaternary structure.
j. Recognize several common domains and motifs and connect the domain with a biological function.
k. Correlate the intermolecular forces needed to form secondary, tertiary, and quaternary protein structure.
l. Memorize which amino acid side chains are important for the formation of intermolecular forces.
m. Compare denaturation and hydrolysis.
n. Describe the energetics driving protein folding and how molecular chaperones help.
o. Describe the various types of chromatography (size exclusion, ion-exchange, and affinity) including the theory behind how each type works.
p. Describe how polyacrylamide gel electrophoresis works.
q. Compare and contrast reducing and non-reducing PAGE.
r. Analyze a PAGE and use the results to describe the tertiary and quaternary structure of the protein sample.
s. Describe the process of protein sequencing including protease digests.
t. Define bioinformatics and proteomics. Appreciate the contribution of these fields to scientific progress in various fields.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge
· Quiz: Amino acids:Drawing amino acid structures

Week 5
· Unit of Instruction: Protein Structure and Function
· Course Learning Outcomes:
a. Classify protein structures as globular, fibrous, or membrane. Use this classification to correlate structure with biological function.
b. Describe the structure of hemoglobin.
c. Describe the structural changes that occur in hemoglobin when oxygen binds and the protein shifts from the R state to the T state.
d. Compare the symmetrical and asymmetrical theories of conformation changes.
e. Define cooperative binding. Use hemoglobin as an example.
f. Define allosteric interactions. Use hemoglobin as an example.
g. Correlate equilibrium interactions with Kd values and how they provide information about binding affinity.
h. Analyze oxygen binding curves relating binding interactions with sigmoidal and hyperbolic curves. Describe the results of the analysis in terms of binding affinity, p50, cooperative binding, and allosteric affects. Use myoglobin and hemoglobin as examples.
i. Extrapolate the concepts of cooperativity, allosterism, and binding curves to other protein examples.
j. Describe factors that affect the oxygen binding of hemoglobin and draw binding curves that correlate with each. (pH, carbon dioxide, temperature, and 2,3 BPG)
k. Describe the Bohr and Haldane effects of oxygen and carbon dioxide binding equilibriums and how they work together to maximize oxygen and carbon dioxide transport.
l. Analyze the effect genetic mutations can have on the structure and function of a protein. Use sickle cell anemia as an example.
m. List and describe the structural proteins involved in the cytoskeleton and extracellular matrix.
n. Identify modified amino acids such as hydroxyproline in structural proteins and describe the structural benefits of the modification.
o. Draw the structure of an antibody and label the important domains. Recognize conserved and variable domains, the differences between IgG, IgM, IgE, as well as differences between species.
p. Appreciate the benefits of using antibodies in experimental research.
q. Describe how ELISA works focusing on the intermolecular interactions. Be specific about the role and benefit of using antibodies in this procedure.
r. Compare and contrast Western blots and PAGE analysis. Be specific about the role and benefit of using antibodies in this procedure.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge

· Exam 1: Units 1-5


Week 6
· Unit of Instruction: Enzymes and Enzyme Kinetics
· Course Learning Outcomes:
a. Define enzymes using proper terminology to describe the action and structural components of the enzymes.
b. Write an equilibrium reaction and corresponding equilibrium constant (K) for an enzyme substrate complex.
c. Discuss enzyme-substrate binding interactions and the intermolecular forces that are used.
d. Compare enzyme-substrate binding theories (Lock and Key vs Induced fit).
e. Compare the three models of substrate binding when multiple substrates are present.
f. Define the 6 classes of enzymes and use these definitions to classify enzymes.
g. Describe four general enzyme catalysis mechanisms and how each relates to activation energy. (For acid, base, covalent, and metal catalysts)
h. Draw out the serine protease mechanism and describe where the general enzyme catalysis occurs.
i. Discuss the enzyme specificity of various serine proteases based on their specificity pockets.
j. Define chemical rate and rate laws.
k. Define a steady state system and describe how it factors into Michelis-Menton Kinetics.
l. Define the kinetic parameters, Km, Vmax, and Kcat.
m. Analyze Michelis-Menton curves and use the Michelis-Menton equation to calculate kinetic parameters.
n. Analyze Lineweaver-Burk plots to determine kinetic parameters.
o. Compare the various types of enzyme inhibitors (competitive, uncompetitive, non-competitive, and mixed)
p. Analyze Michelis-Menton and Lineweaver Burk plots to determine the effect of the presence of an inhibitor.
q. Discuss structural features of transition state analogs and their ability to function as a competitive inhibitor.
r. Define feedback regulation.
s. Compare and contrast irreversible, allosteric, feedback, and covalent regulation of an enzyme.
t. Define kinases and phosphatases and the role that they play in enzyme activation.
· Assessment Methods:
· Homework: contains practice answering short essay questions

· Quiz: checks concept and vocabulary knowledge


Week 7
· Unit of Instruction: Lipids and membrane transport
· Course Learning Outcomes:
a. Define lipids based on their general hydrophobic properties.
b. Recognize classes of lipid based on their structure
i. Fatty acids
ii. Triglycerides
iii. Glycerophospholipids
iv. Sphingolipids
v. Waxes
vi. Steroids (cholesterol derivatives)
vii. Eicosanoids
c. Correlate each class of lipid with a biological function and understand how the hydrophobic properties factors into that function.
d. Describe the structure of membranes in micelles and lipid bilayers.
e. Describe the three types of membrane proteins (integral, peripheral, and transmembrane) and correlate the regions of hydrophobicity with the placement in the membrane.
f. Describe the structure of a lipoprotein and compare the two main types of lipoproteins (HDL and LDL)
g. Explain the role of lipoproteins and lipoprotein receptors in cholesterol transport and cholesterol levels in the human body.
h. Define and provide examples of the types of membrane transport
i. Passive (simple diffusion and facilitated transport including graphical analysis)
ii. Active (primary and secondary)
iii. Uniport, symport, and antiport
i. Calculate the membrane potentials and free energy needed for various membrane transport processes under cellular conditions.
j. Describe membrane transport proteins (channels, pores and carriers)
k. Use specific examples of transport proteins to discuss selectivity filters and gating.
l. Explain the sequential steps needed for endo and exocytosis, including SNARE mediated vesicle fusion.

· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge


Week 8
· Unit of Instruction: Cellular signaling
· Course Learning Outcomes:
a. Describe the IMFs needed for ligand-receptor binding (hormone -receptor).
b. Write an equilibrium for ligand receptor dissociation and use Kd values to calculate free and bound amounts of the receptor and ligand.
c. Describe the structure of various receptors including G-protein coupled receptors, tyrosine kinase receptors, and nuclear receptors.
d. Discuss and compare the sequential steps used in cellular signaling as they relate to G-protein coupled receptors, tyrosine kinase receptors, and nuclear receptors.
e. Describe the sequential steps used in the activation and deactivation of G-protein signaling.
f. Compare and contrast various Galpha subunits to understand the complexity involved in cellular signaling.
g. Define the function of kinases and phosphatases and recognize their overall importance in cellular signaling and enzyme function.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge
· Exam 2: Units 6-8


Week 9
· Unit of Instruction: Intro to metabolism
· Course Learning Outcomes:
a. Describe the structure of the mitochondrial structure.
b. Discuss how equilibrium is used to adjust the flow of metabolites through metabolic pathways.
c. Review spontaneity as it relates to ΔG and ΔE values.
d. Define metabolically irreversible and relate the concept to ΔG and ΔE values.
e. Differentiate between anabolic and catabolic processes in the context of oxidative and reductive processes.
f. Define reducing equivalents and discuss the need for reducing equivalents in oxidative phosphorylation.
g. Recognize the structure of electron carriers and other metabolic cofactors.
h. Draw coupled metabolic reactions such as the conversion of ADP to ATP or NAD+ to NADH to highlight the production of ATP or transfer of electrons.
i. Recognize examples of vitamins and how they relate to enzyme cofactors used in metabolism.

j. Review enzyme concepts such as feedback inhibition and regulation by phosphorylation and describe these processes in the perspective of a metabolic pathway.

· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge

Week 10
· Unit of Instruction: Carbohydrate Metabolism
· Course Learning Outcomes:
a. Memorize the 10 steps of glycolysis including the names of enzymes, reactants, and products.
b. Discuss the kinetic differences between the isozymes hexokinase and glucokinase (Km and Vmax) and relate those difference to glucose use in the body.
c. Describe the various ways that glycolysis is regulated, including allosteric feedback inhibition, substrate and futile cycles, and hormonal control (phosphorylation signaling pathways).
d. Discuss the three main metabolic uses for the pyruvate produced in glycolysis (fermentation to lactic acid, conversion to acetyl CoA to enter the TCA, and conversion to oxaloacetate to regulate the flow through the TCA), including the cellular conditions needed for each.
e. Calculate ΔG values for various steps in glycolysis and use the values to explain how cellular conditions can increase or decrease the flow of metabolites through the pathway.
f. Recognize the unique steps that differentiate gluconeogenesis from glycolysis.
g. Memorize which tissues can perform each of the pathways covered, and which cellular location they occur in.
h. Memorize the steps of glycogen metabolism (synthesis and degradation).
i. Discuss the hormone regulation of glycogen metabolism, specifically as a result of insulin and glucagon cellular signaling.
j. List the unique products of the pentose phosphate shunt such as NADPH, and what those products are used for.
k. Draw the chemical reactions used in the Malate-Aspartate Shuttle and discuss the purpose of the shuttle.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge
· Quiz: Draw out the glycolysis pathway

Week 11
· Unit of Instruction: Citric Acid Cycle
· Course Learning Outcomes:
a. Discuss the benefits of metabolic channeling using the five steps of the pyruvate dehydrogenase reaction as an example.
b. Memorize the 8 steps of the citric acid cycle.
c. Define the terms amphibolic and anaplerotic and use these terms to describe the ability of the pathway to respond to cellular conditions with both catabolic and anabolic processes.
d. Apply electrochemical concepts such as reduction potentials, oxidizing agents, and reducing agents to discuss the oxidative properties of the TCA pathway.
e. Discuss how identifying the class of enzyme used in a step can provide information about what is happening in the reaction. Dehydrogenases are used as an example.
f. Discuss the various ways the pathway can be regulated.
g. Compare the effects of a change in AMP and ATP concentration with the relative concentrations of each in the cell.
h. Draw out the steps involved in citrate transport and discuss the purpose of the citrate shuttle.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge
· Quiz: Draw out the Citric Acid Cycle


Week 12
Unit of Instruction: Electron Transport Chain and oxidative phosphorylation
· Course Learning Outcomes:
a. Draw a representation of the four complexes involved in the ETC.
b. List the types of electron carriers used in each of the complexes; Fe-S clusters, Cu ions, NADH, FADH2, QH2, various cytochromes.
c. Calculate ΔEcell values using reduction potentials.
d. Explain the direction of e- flow based on the reduction potentials of each component of the ETC complex.
e. Use correct terminology regarding the redox reactions such as oxidizing agent, reducing agent, oxidized state, reduced state.
f. Describe the sequential steps that occur in the Q cycle and discuss the need for the cycle in regard to the number of electrons that each electron carrier can carry.
g. Discuss the proton gradient established as a result of the electron flow through the ETC.

h. Describe and/or sketch the structure of ATP synthase and discuss what each portion of the structure is used for in the production of ATP during the binding change mechanism.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge
· Exam 3: Units 9-12


Week 13
· Unit of Instruction: Lipid metabolism
· Course Learning Outcomes:
a. Draw out the four steps involved in the Beta oxidation of fatty acids and memorize the names of the enzymes for each step.
b. Compare the energy production per carbon for glucose and a fatty acid and relate these values to the relative oxidative states of carbohydrates and fatty acids.
c. Compare and contrast fatty acid synthesis and fatty acid beta oxidation including the use of NADPH, malonyl CoA, and tissue and cellular location.
d. Describe the carnitine transporter and its role in fatty acid activation.
e. Define ketone bodies and recognize their chemical structure.
f. Discuss the timeline for when various fuels are used for energy such as carbohydrates, fatty acids, and ketone bodies.
g. Describe the phases of cholesterol synthesis.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge



Week 14
· Unit of Instruction: Nitrogen metabolism
· Course Learning Outcomes:
a. Describe the reactions that are used in nitrogen fixation.
b. Describe the cofactors involved with the nitrogen reductase enzyme and compare how this enzyme works relative to the ETC complexes.
c. Describe the importance of the Glutamate synthase and Glutamine synthetase reactions in ensuring there is an adequate supply of glutamine and glutamate.
d. Classify amino acid metabolism pathways as glucogenic, ketogenic, or both.
e. List and describe the types of reactions that are most commonly used in amino acid synthesis such as transaminase or deaminase reactions.
f. Draw out the urea cycle, indicating which cellular location each step occurs in.

g. Explain the aspartate and arginine succinate shunt and describe how these shunts link the urea cycle to the TCA cycle.
h. Discuss the importance of the kidney being able to perform gluconeogenesis to recycle the carbon chains produced during the urea cycle.
i. Recognize the use of amino acids in the production of other important amines such as neurotransmitters, nucleotides, and creatine phosphate.
j. Discuss the role of high energy phosphate bonds in the use of creatine phosphate as a short-term energy source.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge


Week 15
· Unit of Instruction: Inter-organ Coordination and Hormonal Regulation
· Course Learning Outcomes:
a. Discuss the ability of the brain, muscles, liver, and adipose tissue to perform each pathway studied.
b. Describe how phosphorylation cascades initiated by insulin, glucagon, and epinephrine are used to control various metabolic pathways.
· Assessment Methods:
· Homework: contains practice answering short essay questions
· Quiz: checks concept and vocabulary knowledge
c. Capstone Project: Draw a metabolism overview that includes all the pathways studied. The drawing includes tissue and cellular locations and arrows to correlate connections between the metabolites used in multiple pathways as well as regulating molecules. Students will use the drawing to discuss a metabolic disorder and its treatment.
· Exam 4: Units 13-15
image1.jpeg
CoLUMBUS
STATE

SRR I S LR




